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Amstkact 

While  few  question  the  inqxMtance  of  active  responding  for  effective  coiiq>uto'-siq>ported  learning, 
insufUcioit  atteotkm  has  been  directed  toward  imderstanding  the  inqdicatirais  of  contenqmraiy  research  and 
theory  for  the  design  of  intnactioiis.  With  teclmologies  of  vastly  expanded  aqialHlities,  the  potential  for 
interactirm  design  has  expanded  still  further.  What  lands  of  intaractkns  should  be  cultivated?  Are  these 
strategies  truly  unique  for  specific  tedinologies,  or  are  they  geimalizable?  How  are  differraces  inherit  in 
diverse  learning  tasks  accommodated  in  the  dengn  of  interactioa  strategies?  Can  guidcOines  be  derived,  based 
upon  existing  research  and  theory,  that  emphasize  duraUe  technological  attributes  rather  than  transitional  media 
forms?  In  this  pap»,  sev^al  perspectives  on  int^action  and  conqiuter  technology  are  presented  and  critically 
analyzed. 
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Ptnpeedves  on  Ou  Dedgm  of  InUmeOon  Stnaegfes 

Few  coideii^x»ary  researchers,  theoriata,  or  imctitioiiers  questioo  the  ioqxwtance  <rf  interaotion  for 
coiii{Hit»-«ided  teaming.  Intnactirm  gea^ally  refm  to  purposehil,  overt  reqxmses  made  by  an  individual 
during  instructioa  and  the  consequences  of  the  reapmuea  on  lessmi  activities,  content,  or  sequence.  Tuteraotion 
involves  conditicmal  two-way  exchanges  betwem  a  leamn-  and  a  learning  system.  Each  exdiange  has  the 
potmtial  to  altm-  subsequent  transactions  based  (m  the  intentiMis  of  the  leamw  and/or  the  requiremmts  of  the 
learning  system. 

Several  views  of  interaction  have  been  espoused  in  the  computer-based  Ittaming  field.  Boik  (1982), 
for  exanq>le,  described  three  basic  components:  student  reqxMise,  conq>uter  analysis  of  the  reqjonse,  and  the 
conq>uter  respemse  to  the  input.  Heinich,  Molenda,  and  Rusadl  (1989)  statiyt  that,  for  to  occur, 

learning  systems  must  permit  some  physical  activity,  such  as  a  typed  reqxmse,  which  subsequ^tly  alters  the 
sequence  of  presentatiem.  A  similar  definitirm  was  proposed  by  Floyd  (1982),  vtlio  emphasimd  that  presentation 
sequences  in  intmetive  video  must  be  altered  by  user  re^xmse.  Each  of  these  views  emphasiw^g  physical 
responses  and  diffmiaitiated  lesstm  execution. 

While  dim  is  consensus  as  to  the  inqxirtance  of  intoactirm  during  learning,  researdi  has  largely  failed 
to  genmte  reliable,  enqiiricaUy-referenced  intmetion  strategies.  Insufficient  attentiem  has  been  directed  toward 
understanding  the  inqilicaticms  of  available  research  and  theory  for  the  design  of  interactions.  With  the 
emergence  of  technologies  of  vastly  expanded  capabilities,  tte  potential  for  intmetum  has  expanded 
dramatically.  What  lands  of  intmetions  shoidd  be  cultivated?  Are  these  strategies  truly  unique  for  specific 
technologies,  or  are  they  genmlizable?  Can  guiddines  be  dmived,  based  iqKm  existing  researdi  and  theory, 
that  enqihasizB  more  durable  tedinological  attributes?  How  are  differences  in  learning  tasks  addressed  in  the 
design  of  interaction  strategies?  In  this  pap&,  sevnal  poi^iectives  on  intmaction  are  presmted  and  critically 
analyzed. 
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PEBSPEcnvss  m  ImwAcnoN 

Three  peri^iectivee  will  be  considered:  c^jmtfional,  iimctireud,  and  integnted. 

Opemdonal  Perspectives 

Opeiaticmally,  intoactioa  indudes  four  demenU:  a  physical  reqxnse,  feedbadc  based  on  die  response, 
a  mental  task,  and  ^mbols  or  codes  used  to  convey  information. 

Physical  Response.  The  (diysical  reqxmse  has  been  the  cornerstone  of  traditional  CBI  (Con^uter- 
Based  Instruction)  programs.  Lesscms  were  designed  to  branch  differentially  based  upmi  the  ovMt  respcmses 
(e.g.,  typing,  touching  a  screm)  made  by  learns  during  mstniction.  More  than  otho^  single  features, 
response-differentiated  tnanching  distinguished  con^Miter-sui^Kxted  instruction  fnnn  its  noninteractive 
predecessors.  Eariy  applications,  crmsequendy,  emphasized  frequent  physical  leqionses  to  emheddad  criterion 
questions,  and  differoitial  branching  based  upon  the  accuracy  of  the  re^nses. 

Intoacdon  strategies  diffH'  in  the  complexity  of  die  jdiysical  respraises.  Fitts  (1964)  iMintnined  that 
the  time  required  to  create  associadons  between  new  and  old  information,  and  to  develop  appropriate  responses 
by  correcting  movement  errors,  is  crmtingeat  <m  tlw  complexity  of  the  skill:  the  more  complex  the  skill,  the 
more  time  required  to  strengthen  associations.  Holding  (1989)  noted  that  many  conqilex  leqxMises,  such  as 
playing  the  violin,  are  continuous  and  involve  substantial  fine  motor  crmtiol.  Other  simple  motor  responses, 
such  as  shot-putting,  are  more  discrete  physical  tasks,  but  involve  significant  gross  motor  control.  Although 
both  responses  are  physical,  they  are  quite  distinct  in  nature. 

Complexity  can  also  refer  to  the  numbM*  of  simultaneous  re^nses  that  must  be  elicited.  In  some 
cases,  it  may  be  desirable  to  elicit  a  series  of  sinple  respcmses  which  can  be  subsequendy  chainad  to  form  a 
complex  physical  response.  Mand,  Adams,  and  Donchin  (1989),  for  example,  maintain  that  in  learning  tadra 
involving  a  massive  body  of  knowledge  of  graduated  difficulty,  a  part-uhole  strategy  may  best  facilitate 
learning.  In  thmr  exp^iment,  sulyects  usmg  a  part-task  strategy  p^ormed  significandy  better  than  those  using 
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adaptive  strategies.  ;^»parently,  the  breakdowa  of  the  more  con^lex  task  oiabled  participants  to  respond  to 
smaUer  pieces  of  ti»  conplex  task,  making  them  easier  to  assimilate.  Wickens  (1989),  <mi  the  other  hanH 
rqwrted  tiiat  adaptive  training  methods  are  often  mo^  q>propriate  for  tasks  involving  conq)lex  physical 
reqxMues.  Such  trainmg  sin^lifies  the  task  itself  without  altering  the  nature  of  the  desired  physical  response 
while  progressively  ada{^g  tiie  conq>l«tity  of  the  task  requimnenU.  Wickens  suggested  that  many  conqrlex 
learning  tasks  (tasks  requiring  more  than  rme  reqxmse)  are  not  only  facilitated  by  adaptive  training,  but  may 
actually  be  hindered  by  part-task  training. 

Response  frequoicy  is  also  a  topic  of  crmsiderable  interest.  Some  have  advocated  frequent 
both  to  control  the  amount  of  information  to  be  addressed  and  to  maintain  active  leampy  imgagftiwint  Bork 
(1982),  for  exanqtle,  recommended  that  resptmses  should  be  elicited  evny  IS  to  20  seconds.  Othm  have 
estimated  frequency  requirements  in  terms  of  conceptual  density  of  the  lesscm,  the  individual’s  prior  knowledge, 
and  the  cognitive  load  associated  with  the  task  (Hannafin,  1989).  Generally,  lessons  that  are  cmceptually  dorse 
or  high  in  cognitive  processing  requiremoits  require  more  frequoit  interactions  than  those  less  doosely  or  of 
lower  associated  cognitive  load.  Likewise,  more  frequent  interactions  are  often  inHirat«H  for  individuals  with 
limited  prior  knowledge. 

Thoe  is  ample  evidence  that  phyrical  responses,  as  essential  to  working  definitions  of  interaction,  are 
both  misunderstood  and  often  unnecessary.  Although  interaction  is  a  commatone  of  early  views  of  teaming 
via  computma,  there  still  exists  a  remarkable  g^  in  our  undostanding  of  the  role  of  conplexity.  It  is  clear 
that  the  nature  of  the  retponse— its  rriationship  to  critmion  tasks  and  comfdexity—affect  greatly  how,  or  if, 
learning  will  occur.  At  the  same  time,  considmable  evidence  exists  suggesting  that  physical  responses  per  se 
are  not  the  most  essential  element  of  successful  learning,  and  may  be  uimecessary  or  counterproductive  at  times. 

Feedback.  Intnactimi  strategies  also  vary  as  to  the  type,  amount,  frequency,  and  placemmt  of 
feedback.  Though  feedback  goi^ally  subsumes  the  function  of  reinforcemmit,  it  also  provides  information 
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wliidi  can  be  used  to  deep^,  modify,  or  qualify  imdoatanding.  As  a  idnforcw,  the  feedbai^  the 

probabilify  of  a  desired  (ccnrect)  raqxmse  to  the  lesscm  content  rffyirted, 

Traditkmally,  feedback  ami  physical  reqxmses  have  been  intndependent;  each  directly  infliiwiroja  the 
otho-.  Conventicmal  notions  of  interaction,  therefore,  require  that  a  physical  reqx>nse  be  goierated  in  order 
to  diffoentiate  subsequent  feedbadc.  More  recently,  howevm-,  the  ctmc^  has  been  iMoadened.  Adrq)tive 
feedback,  for  exanq>le,  may  be  influenced  by  cunnilative  reqxmse  histMy,  unique  individual  historical 
or  even  the  failure  to  req>ond  (Tennyson,  CSiristensen,  &  Parir,  1984).  Contmnporary  views  of  feedback 
involve  not  sinqtly  strengthening  q>ecific  associaticmB,  but  providing  strategic  knowledge  and  affective  siq)port 
as  well  (Hannafm,  Hannafin,  &  Dalton,  in  press). 

The  timing  of  feedback  has  also  been  studied.  Conqniter  technology  has  been  hailed  for  its  c^Mcity 
to  deliver  immediate  feedback  to  studmts.  Schimmd  (1988),  for  exanq>le,  maintiiiiMvl  that  the  greatest  "waning 
can  be  extracted  udien  the  feedback  fcdlows  immediately  aftm'  foe  leamn’s  respcmse.  Others  (e.g.,  Charp, 
1981;  Dalton  &  Hannafin,  1984)  have  likewise  emphasired  the  inqxrrtance  of  immediate  nnmpntRr  fiwdiiHnir 
to  student  respcmses.  Presumably,  immediate  tenqxrral  ccmtiguity  between  foe  response  generated  during  foe 
int^action  and  the  associated  feedback  inqrroves  the  probability  of  forming  foe  desired  a«aer>riatif>n« 

Though  initial  views  emphasized  immediacy  of  feedback,  subsequent  research  emphagir/vl  foe 
inqrortance  of  associated  cognitive  processing  and  the  individual’s  retponse  ccmficknce  (Kulhavy,  1977). 
Postponing  feedback  during  intmacticms  pmmits  individuals  to  purge  uninrportant  or  poorly  processed 
informaticm  from  working  memory  facilitating  the  socalled  ddayed  retenticm  effect  (Surber  &  Anderson,  1975). 
Brief  delays  may  also  minimize  the  influence  of  false-positive  feedback  resulting  from  olmtifw  guesses. 
Hannafin  (1989),  for  example,  noted  that  brief  delays  often  facilitated  learning  by  allowing  subjects  to  self- 
correct  or  affirm  responses  through  foe  induction  of  new  knowledge. 
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Thwe  ate  predic^aUe  (q)«atiooal  limits  to  the  benefits  of  feedlMck.  Scfaaffor  and  Hannafin  (1986) 
maintained  Out  p«f(»maiice  incremeate  associated  with  intmction  and  associated  feedbadr  during  interactive 
video  instruction  readi  a  ceiling  after  v/bick  little  value  is  added.  Learners  reach  a  saturation  point,  where 
additicMial  knowledge  carmot  be  derived  via  increases  in  reqxmse-difFerentiated  feedback.  Typically,  this  point 
is  encountmed  wlien  the  c(Miq>lexity  of  the  learning  task  itself  limits  feedback’s  value,  as  in  cases  where 
individuals  sinqriy  cannot  process  the  additirmal  infcnmation  successftdly  due  to  a  weak  grasp  of 

basic  siqrporting  ooiicq)ts. 

In  summary,  independent  of  the  perspective  taken,  the  value  of  feedback  varies  based  upon  learner, 
task,  and  prior  »perience.  The  probability  of  eliciting  a  desired  teq^mnse  in  the  presence  of  a  parUmiar 
stimulus  dqrends  iqxm  whether  the  individual’s  feedback  history  was  punishing,  reinforcing,  or  nomeinfoicing 
(Klein,  1987):  Feedback:,  tike  reinfotcers,  must  be  valued  by  the  leamm’  to  be  effective.  Since  information 
perceived  as  uninqxntant  is  unlikdy  to  be  processed  very  deq>ly  (Hannaftn  &  Hooper,  1993;  Keller  & 
Butknum,  1993),  the  perceived  relevance  of  feedback  is  integral  to  effective  interacticMis.  The  inqxirtance  of 
feedback  has  not  been  seriously  disputed;  the  ruture  of  feedback,  however,  can  vary  widely. 

Mental  Task.  Ndthw  {diysical  reqxmses  nor  feedback,  tnditicmally  defined,  is  alvrays  needed  or 
desired.  Research  in  obsovatiorud  learning  indicates  that  jkydcal  responses  are  not  necessary  for  looming  to 
occur  (c.f.  Bandura,  1986).  Much  of  udut  is  learned  by  ckildren,  for  instance,  is  modeled  vicariously  with 
considmable  mortal  processing  but  no  asscKiated  {kysical  responses.  Presumably,  learners  perform  certain 
cognitive  op^ations  that  increase  the  memorability  of  knowledge.  Some  studoits  might,  for  exanqrle,  recall 
certain  diildhood  events  vividly  in  a  sort  of  "flashlnilb  monory''  (c.f.  Brown  &  Kulik,  1977;  Ndsso-,  1982) 
udi^eas  others  might  recall  nothing  under  identical  circumstances.  Ovo-  time,  fdiysical  re^nses  may 
strengthoi  knowledge  initially  acquired  vicariously,  but  it  is  often  not  essential  to  dtho-  initial  or 
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retCDticm.  Altonatively,  knowledge  may  be  strengthened  ccmsiderably  by  jHirdy  cognitive  responses  that  help 
to  shape  rkdi  knowledge  structures. 

In  c«tain  cases,  jdiysical  reqxmses  may  actually  inhilnt  learning.  Baggett  (1988)  suggested  that 
learning  is  not  necessarily  facilitated,  and  may  occasionally  be  hindered,  when  physical  reqKmses  aie  required. 
In  her  experiment,  a  soies  of  treatments  were  administoed  providing  differing  levels  of  traditicmal  (on- 
terminal)  and  hands-cm  (oif-terminal  practice)  intmacdons  related  to  the  building  of  given  objects.  Some 
paiticipanto  received  only  the  basic  infbrmatimi  without  ethe-  traditional  or  hands-on  intuaction,  while  othea 
received  combinations  of  on-terminal  and/or  hands-on  practice.  Baggett  concluded  that  paTtiripantB  who 
received  off-terminal  practice  WMe  less  efficient  in  ccm^ructing  the  objects  than  were  tluw.  receiving  mily  the 
on-termiiul  interaction.  Additionally,  no  significant  poformance  diffnences  were  observed  between  the  non¬ 
interactive,  passive  response  group  and  the  interactive  treatments.  Apparently,  incrRaaflu  in  the  physical 
reqxmse  requiremoits  actually  hindoed  performance. 

Interactitm  cannot  be  satisfactorily  duuacterized  strictly  in  terms  of  mnHiating  grimnli  anH  overt 
responses.  Meaningful  learning  involves  encoding,  storing,  and  retrieving  knowledge.  Interactions,  therefore, 
must  support  the  varied  ways  in  whidi  individuals  make  their  knowledge  meuiingful.  In  effect,  for  interactions 
to  be  effective,  they  must  emphasize  needed  mental,  ratho-  than  physical,  processes.  While  physical  responses 
may  help  to  elicit  relevant  mental  reqmnses,  they  in  no  way  msure  them.  Cognitive  response  requiremmts, 
therefore,  are  of  substantially  greater  significance  than  jdiysical  reqmnse  requiremeDts. 

How,  thoi,  can  mental  resources  be  managed  to  promote  needed  cognitive  processing?  There  are 
many  views  about  the  nature  and  dynamics  of  informatirm  processing.  Most  views  ■aainm  limitwl  capacity, 
making  it  essential  that  interactions  aid  the  learner  in  selecting  and  processing  relevant  information  in 
apprr^riate  ways.  A  basic  tenet  is  that  a  series  of  perc^tually-driven  transformaticms  is  made  on  environmoital 
stimuli  (Best,  1989),  diat  is,  stimuli  are  selectively  processed,  elaborated,  and  encoded  within  conq>lex  schemata 
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(Gagii6,  1985).  Meaningful  leaining,  consequeotly,  may  be  defined  as  tbe  degree  to  lean^s  integrate 
new  with  existing  knowledge  and  restructure  thdr  srbonata  acctMdingly. 

C!ognitive  requirmnents  also  range  along  a  continuum  of  conq>lexity  based  iqxm  the  leamoa  related 
knowledge  and  the  cognitive  donands  of  the  task.  For  novices,  semningly  sinqrle  ovMt  actions  may  have 
significant  cognitive  requirements  (Solso,  1991).  hi  physics,  for  exanqile,  predicting  a  value  which  best 
approximates  die  force  of  one  object  on  anotho'  requires  crmsidmable  estimation,  consultation,  and  conqiarison. 
The  idiysical  response  (entering  a  numeric  value)  is  quite  modest,  but  the  associated  cognitive  requiremaits  are 
substantial  for  the  novice.  In  other  cases,  however,  relatively  conqilex  jdiysical  reqxmses  are  required  for  tasks 
requiring  only  nominal  cognitive  processing.  Some  tasks,  such  as  making  a  left-hand  turn  across  traffic  in  an 
automobile,  are  largely  automated  and  can  be  completed  widi  little  conscious  effort  by  most  seasoned  drivers. 

Symbols  and  Codes.  The  nature  of  d^  information  (e.g.,  points,  alphanumerics,  fiequracies,  colors) 
presented  to  the  leamM^  can  be  thought  of  in  terms  of  symbd&;  codes  (Goodman,  1976;  Salomon,  1976,  1979). 
Technologies  vary  in  the  symbolic  codes  they  support,  and  individuals  demonstrate  varying  degrees  of  learning 
when  enqiloying  these  technologies.  The  success  of  intnacdons,  thaefore,  is  inflnnnrwl  by  both  the  availability 
(technology  dependent)  and  use  (design  d^)endeot)  of  these  symbols  and  codes. 

Interactions  can  be  designed  to  vary  both  the  numbm*  and  type  of  available  symbols  used  to  convey 
informadcHi.  According  to  the  dual  code  hypothesis,  informaticm  can  be  coded  in  verbal  (meaning),  imaginal 
(pictures),  or  bodi  verbal  and  imaginal  codes,  and  stored  in  eithnr  or  both  systems  (Paivio,  1971).  These 
represeotatirms  retain  dominant  pr(q)atie8  sudi  as  shape,  size,  and  detail.  According  to  Paivio,  memory 
functions  best  uben  both  semantic  and  image  r^resentations  can  be  cross-refimaiced.  Interactions  that  support 
multiple,  rdated  representations  provide  conqjlimmtary  support  for  both  mcoding  and  retrieving. 

Aimther  difF(»aKe  among  intoacticm  strategies  is  the  relafiombip  between  the  external  code  used 
during  instruction  and  the  intoual  code  used  by  subjects.  Salomon  (1979)  crmtends  that  laming  is 
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to  the  Mtent  that  die  extant  symlxd  system  eo^yed  during  instruction  is  conqMtible  with  the  intranal 
rqnesentations  of  die  In  some  cases,  intnacdoiis  featuring  visual  syndmls  sudi  as  illustrations  may 

hdp  to  organize  a  host  of  semantic  omc^te;  in  othMs,  v«bal  inimination  might  be  necessary  to 
relatkMudiips  coded  visually. 

Ctmsidenble  research  has  bom  published  cm  the  effects  erf  compatibility  amemg  inesmtation  codes 
suggesting  diat  poorly  selected  codes  can  be  detrimmtal  to  kaming.  Stroop  (1935),  in  his  classic  study,  found 
that  subjects  took  significandy  Icmgm^  to  read  words  referring  to  a  givm  color  (e.g,,  ■blue")  but  written  in  a 
diff(Hmt  color  ("blue*  written  in  red  ink)  than  vriien  die  col<»  and  term  were  idmtical.  Decoding  the  verbal 
codes  (words)  was  conqilicated  by  the  incongiumt  presmee  of  image  (colors)  codes.  More  reemdy,  Cowan 
and  Barrcm  (1987)  found  that  subjects  who  listmed  to  randcun  cedin'  words  performed  poorer  than  those  who 
listened  to  non-color  words  or  music.  Students  vdio  listened  to  nothing  vriiile  identifying  color  words  performed 
best,  suggesting  that  learning  is  hindered  to  the  extent  that  codes  conflict. 

Similar  foldings  have  bem  reported  for  contextual  learning  tasks.  Pictures  have  been  found  to  support 
learning  whm  they  overhqi  with  textual  contmt,  are  congrumt  with  evolving  semantic  meaning,  and  provide 
either  redundant  information  or  organizatiim  of  textual  cimtent  (Haring  &  Fry,  1989).  Hannafoi  (1988)  studied 
the  effects  of  pictorial,  oral-aural,  and  combined  presmtatiiHi  codes  on  the  learning  and  misleaming  of  explicitly 
dqrictable  (concrete)  versus  difficult  to  d^ict  (ab^ract)  lessim  content.  Concrete  conceits  were  learned 
conqiarably  via  either  visual  or  vmbal  piesmtations,  but  pictures  alone  wae  ineffective  in  conveying  abstract 
lessm  ccmc^its.  Combinations  of  pictures  and  oral-aural,  however,  yidded  both  the  greatest  learning,  and  the 
fewest  misunderstandings,  of  both  emerde  and  abstract  cemtent. 

Reseatdi  suggests  that  the  codes  used  during  interaction  can  either  facilitate  or  hinder  learning 
Learning  will  be  facilitated  to  the  extmt  that  the  information  siqrports,  and  does  not  intmfore  with,  appropriate 
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processing.  When  v«y  abstract  codes  or  a  poor  ccnnbination  of  codes  have  been  chosen,  the  ability  to  process 
the  informatkm  decreases. 

FuncUoaal  Perspectives 

FunctUMial  views  enyhasiae  how  interactioo  is  used,  and  the  varied  redes  it  plays  in  learning  systems. 
Hannafin  (1989)  idmtiiied  five  fiinctions  of  interaction:  suppenting  lesson  pacing,  providing  the  opportunity  to 
elaborate,  cenifinning  the  accuracy  of  lespemses,  navigating  within  (x  across  lessons  or  lesson  sftgmftntg,  and 
supporting  inquiries  from  students. 

Pacing.  Pacing  refers  to  the  metering  of  information  as  students  move  through  a  lesson  or  activity. 
Pacing  is  more  often  related  to  lesson  flow  than  to  the  achievmnent  of  instructional  objectives.  Although 
metacognitive  judgements  are  presumably  made  by  individuals,  both  the  nature  of  the  idiysical  reqmnse  and 
the  associated  cognitive  requirements  tend  to  be  minimal. 

Sinqrle  pacing  interactions  often  take  the  form  of  instructions  to  ’press  any  key  to  ermtinue.  ”  It  serves 
to  meter  the  rate  of  information  flow  according  to  individual  dictates,  allowing  the  student  to  rraead,  study,  or 
release  information  from  view.  However,  pacing  intmactirais  may  also  affect  the  start,  stop,  and  giigp«nginn 
of  ongoing  mfoimation  flow,  as  individuals  sedr  to  q)eed  up,  slow  down,  or  terminate  lesson  activities. 

Elaboration.  Another  function  of  interaefirm  is  to  encourage  daboration  on  the  information  pres^ted. 
ElaboraticHi  strategies  may  or  may  not  require  idiysical  respemses,  dqrending  mi  the  nature  of  the  task  and  the 
biases  of  the  designms.  Students  might,  for  exanqile,  be  encouraged  to  either  cousin  moitally  how  a  new 
concept  shares  similarities  widi  previmisly  learned  crmcqits,  or  type  a  brief  reeponse  that  relates  lesson 
information  to  individual  expmiences,  or  both.  Where  no  jAysical  reqxmse  is  required,  students  may  be  adeed 
to  focus  attmiticHi  on  specific  issues  and  generate  meaningfiil  relationships  that  are,  hopefully,  cmignipait  with 
the  instructional  objectives. 
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With  raan'ging  teclmcdogies,  the  range  of  elaboratioii  i^titma  ia  quite  divoae.  Elaborationa  might  be 
acconq>liahed  via  wnbedded  notetaking  toola  vdliich  permit  the  individual  to  write  ideaa  and  timiighte  during  the 
leascm.  Interactions  can  also  pnmit  access  to  saqjporting  (m-line  resources  and  utilities  through  which  the 
student  can  sedr  additional  information  related  to  the  topic  at  hand.  Fimdly,  aimotation  tools  might  be  provided 
wdiich  permit  the  individual  to  make  notations  within  cmiqtuterized  lessons. 

Coi^finaatiou.  A  diiid  function  of  interaction  is  to  confirm  the  accuracy  of  student  reqxmses  to 
problems  posed  during  die  lessen.  In  many  cases,  students  reqxnd  to  textual  questions  in  the  form  of  a  gimplft 
multiple  choice  keystredre  or  short  tjqtewritten  answm.  The  respmse  is  subsequratly  evaluated  against  certain 
established  criteria,  and  the  lesson  proceeds  accordingly. 

However,  cenfirmation  can  also  be  provided  during  real-time,  natural  image  nimiilnri<mg  such  as 
emergency  room  simulations.  Studoits  might  recommend  particular  procedures  and  examine  the  inquict  of  the 
intervention.  Alternatively,  students  might  be  expected  to  reqxmd  in  ways  identified  as  "ideal”  as  in  expert- 
referenced  problem  solving.  The  interaction  provides  ermfirmation  of  the  accuracy  (or  desirability)  of  student 
knowledge. 

Navigation.  Interaction  can  also  be  used  to  support  student  navigatiem  during  a  lessem.  Navigation 
intMBCtions  are  often  manifested  via  mmu  systems,  either  explicitly  presented  or  implicitly  defined.  On  one 
hand,  lessons  might  be  explicitly  structured  into  sections  (introduction,  rules,  examples),  or  supporting  activities 
(glossaries,  help)  which  provide  on-demand  access  to  available  activities.  On  the  other,  control  can  also  be 
acconq>liriied  by  selecting  and  touching  a  given  area  of  a  monitor,  vriiere  navigatirm  logic  is  implicitly  HcfinAH 
Hypertext,  nonsequential  access  to  educational  resources,  poses  unique  intmctuni  problems.  Hypertext  may 
be  structured  in  a  more  or  less  explicit  marmw,  or  can  be  navigated  dynamically.  Structured  links  can  be 
created  among  all  individual  elemeots  ermtained  in  the  lesson,  structured  sriectivdy  based  upem  particular 
linking  paradigms  (e.g.,  hierarchies,  nodes),  or  defined  dynamicaUy  by  the  intoactirxis  of  individual  users. 
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Inquiry.  Inquiry  emphasizes  mediods  that  permit  the  usm'  to  directly  die  pjmrftntn  of  a  lesson, 

systmn,  or  knowledge  base.  In  scnne  instances,  the  inquiry  might  be  rdated  to  individual  praformance 
informatioa,  suc^  as  the  status  of  tert  perfcmnance.  However,  in  other,  mcMe  sofdiisticated  circumstances,  the 
individual  mig^t  engage  in  a  dialog  sudr  as  with  a  medical  export  syston  designed  to  asast  in  diagnTwic 
Through  inquiry,  the  student  might  be  able  to  trace  the  etiology  of  a  disease  or  reccunmend  treatment.  In  both 
cases,  the  individual  assumes  the  initiative  to  address  tlm  system  and  for  structuring  the  nature  of  the  inquiry 

Opm-eoded  inquiries  are  perhaps  die  most  difficult  intoactions  to  aocrmunodate.  The  system  itself 
may  strictly  structure  the  available  inquiry  optimis  such  as  a  soies  of  structured  queries  within  which  the 
student  must  reqxmd.  On  the  other  hand,  some  systems  rely  cm  parsing  algorithms  to  intapret  inquiries.  Hie 
systems  possess  a  limited  capacity  to  reconcile  ambiguities  and  interpret  the  key  elements  of  an  inquiry  in  order 
to  supply  the  desired  information. 

Integrated  Perspe^ves 

Clearly,  there  are  diffomit  types  of  interaction,  each  of  which  varies  not  only  according  to  the  fonction 
of  the  interaction  but  to  the  nature  of  the  learning  task.  Ea^  has  different  cognitive  requiranmts,  enqiloys 
varied  response  formats,  provides  feedbadc  of  diffnent  kinds,  and  uses  diffment  confoinaticMis  of  symbols  and 
codes.  Invariably,  the  manner  in  which  the  operadcmal  elemoits  are  inqilemeoted  varies  dramatically  both 
within,  and  across,  various  functions. 

At  the  center  of  this  problem  may  be  inadequate  definititxi.  TraditicMul  definitionn  (i.e.,  {diysical 
response,  feedback,  mental  resp(Mise)  emphasize  observable  dements,  but  fail  to  reflect  the  presumed  cognitive 
consequences.  Using  tradidmial  definitions,  all  dements  can  be  provided,  yet  yield  none  of  the  desired 
cognitive  activities.  Altenutdy,  a  few  dements  might  be  provided,  yet  yidd  exertional  learning.  Working 
definitimis  of  interacticHi,  therefore,  must  focus  on  cognitive  requirements  and  ccmsequmces. 
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From  an  integrated,  emeaging  technology  pexiq>ective.  interaction  can  be  defined  as  an  «Hiinational 
process  designed  to  assist  ieanum  in  acquiring  ot  restructuring  Imowledge  by  initiating  or  tn^tiaring  an 
investment  of  efScwt  and/or  brokering  one’s  cognitive  resources.  An  inqmrtant  aq)ect  of  this  definition  is  that 
a  {diysical  reqxmse,  by  itself,  is  neither  a  necessary  nor  sufficient  conditi<m  for  intoaction.  The  critical  factors 
are  intentimiality  in  design,  investment  of  effort  by  the  learnm',  and  associated  effects  <mi  knowledge  acquisition 
and  restructuring.  Still,  rsiiile  interactioa  necessarily  involves  a  ct^tive  rather  than  a  physical  response,  the 
importance  of  phyncal  respcmses  carmot  be  easOly  discounted  in  eliciting  or  guiding  cognitive  processes. 
Learners  are  required  to  invest  effort  differentially,  so  the  degree  to  whicb  physical  responses  rag^d^  requisite 
cognitive  processing  is  critical. 

Interacticm  tasks  are  defined  in  toms  of  physical,  or  overt,  reqxmses  relevant  to 

und^standing  the  skills  or  concerts  at  hand  and  the  cognitive  el^nents  >rhidi,  though  essential,  are  fiequaitly 
undMenq)hasized. 

Response  Requirements:  Cognitive,  Cognitive  requirements  emphasize  the  individual’s  in 
processing  and  understanding.  This  dimension  reflects  certain  aspects  of  Salomon’s  (1981)  crmc^t  of  Amount 
of  Invested  Mortal  Effort  (AIME).  Salomon  defined  AIME  as  the  numbo  of  nonautoinatic  elaborations  applied 
to  a  unit  of  matoial.  hr  the  present  context,  mortal  effort  refers  to  the  learner’s  coirsciorrs  efforts  to  process 
lesson  itrfortttaticHr  pitrposefully.  hr  general,  increases  in  pitrposeful  nrental  effort  shoirld  irtqrrove  leaming 
while  decreases  should  hartqrer  learning  in  prtqxrrtion  to  the  effort  invested. 

However,  onqrly  increasing  the  airrount  of  ptrrposeful  processing  activity  does  rrot  ensirre  successful 
learning.  Nontran  and  Bobrow  (1975)  exaitrined  tectors  that  irrfluence  cogtritive  processing,  and  distingiriiEhed 
betweor  data-limited  atrd  resource-lirtrited  processes.  In  the  present  context,  data-Iirrrited  processes  are  those 
in  whidr  the  investnrent  of  additiotral  processing  resources,  by  itself,  does  trot  inqrrove  learning.  Data 
limitatiorrsdoive  from  two  basic  sortrces:  extoiral  aird  internal.  Some  data-limited  processes  indiraite  individual 
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knowledge  deficiencies  (internal).  For  exan^le,  despite  good  external  mganizatiiMi,  lesscm  ccmtent  may  be  too 
advanced  ot  cmi^lex,  onr  the  learner  may  lack  the  requiate  knowledge  or  skills.  Additional  effort  will  not 
likdy  improve  learning,  and  may  result  in  c(nisid»able  fhistratkm.  Otfam*  limitatimnB  might  reflect 
deficiencies  in  die  organization  of  to-be-leanud  content  (raternal).  Resource-limited  processes  ate  based  iqxm 
strategic  manipulaticHis  of  the  data  themselves  and  ate  lacm  amenable  to  inqirovonent  through  aAtitinnnl  effort. 
Some  lessmis  are  poorly  organized  or  presented,  obscuring  inqxnrtant  ioformatioo  and  conqilicating  the  raclr 
for  otherwise  capable  learners.  Resource-limited  processes,  therefme,  are  inflmwivt  by  the  ability  of  the 
leamo'  to  invdte  (internal),  or  the  learning  system  (external)  to  siqiply,  activities  that  aid  the  learner  in 
processing  lesson  content.  In  some  cases,  individuals  may  possess  content-free  strategies,  surdi  as  qrontaneously 
generated  individual  elaboratkms,  to  rmnember  essential  lesson  information.  In  other  cases,  the  system  may 
pronqrt  the  individual  to  form  mental  images.  Resource-limited  processes  irrqnove  performance  to  the  extent 
that  strategies  are  appropriate  for  the  processing  requirements  and  they  do  not  conqiete  fot  the  nam«  cognitive 
resources.  Learning  is  stimulated  when  individuals  both  have  the  required  resources  and  invest  the  effort 
necessary  to  allocate  their  resources  iqrpropriately.  For  interactirm  purposes,  the  merging  of  the  mental  effort 
and  imiltiple  resource  po'qrectives  yields  four  possible  scenarios. 

Sceiuuio  1:  The  student  has  ndtlm  access  to  ’clean*  data,  possesses  the  resources  available  to  process 
data,  nor  invests  mmtal  effort  m  the  task.  Of  particular  interest  ate  learns  resource  deficiencies.  This  is 
evident  in  many  disenfrandiised  adolescents,  who  demcmstrate  significant  adiieveinait  deficits  and  acutely 
negative  attitudes  towards  learning.  Studmts  lack  not  only  the  basic  data  (knowledge)  required  to  process 
lesscm  content,  but  are  also  disinclined  to  invest  the  mental  effort  required  to  overcome  the  deficits.  In  certain 
cases,  the  data  themsdves  are  sufficiratly  ’noisy*  as  to  rendn-  than  unintopr^able,  and  learners  possess 
ndther  the  inclinaticm  nor  the  ability  to  understand  them.  The  potential  for  interaction  to  support  iMming  is, 
of  course,  weakest  under  these  circumstances. 
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Sceoaiio  2:  The  rtudeat  iKither  possesses,  aor  has  availaUe,  the  required  resources  but  attenq>ts  to 
invest  mental  eff<xt.  This  ntuatkm  arises  wntfa  leaniMs  who  invest  conaderaUe  energy  trying  to 
but  are  unable  to  conqndbend  <faie  to  limitadcHU  in  mther  the  enabling  knowledge  or  the  strategies  r^uired  to 
process  die  infimnatioo.  When  students  attempt  to  undnstand  a  aeverdy  distcnted  message  (e.g.,  an  overseas 
radio  transmis^),  they  might  invest  considerable  effort  to  interpret  the  poor  data.  Unless  the  message  retains 
sufficienUy  intelligible  information,  it  is  uninteipretable.  In  this  case,  the  invested  mental  effort  will  yield 
conqiaratively  litUe  value,  and  may  eventually  lead  to  ffustratioo. 

Scenario  3:  Students  possess  die  required  resources  but  do  not  invest  the  mental  effort.  This  is 
typically  seen  among  bright,  underachieving  students.  They  often  possess  both  significant  related  knowledge 
and  complimentary  learning  strategies,  but  fiil  to  invest  the  effort  required  to  comprehend.  T .earning  of 
otherwise  intelligible  information  would  not  be  expected  since,  while  the  data  are  iqiprtqiriatdy  organized,  the 
willingness  to  oigage  die  matoial  is  lacking. 

Scmario  4:  Learners  have  the  resources  available  and  invest  sufficient  mental  effort  to  appropriately 
process  the  data.  This  is  the  ideal  scenario,  and  (me  \iliich  intmactions  are  Hnaigm-d  to  promote  successful 
engagement.  Lesscm  data  are  apprcqniatdy  (Hganized,  learaws  engage  lesscm  ccmtent  appropriately  and  apply 
both  previous  knowledge  and  metacognidve  strategies  to  the  learning  task. 

Refuse  Requirements:  Physical.  Individuals  routinely  act  in  observable,  physical  ways  that  do 
litde  to  stimulate,  clarify,  or  strengthen  undestanding.  Everyday  examples  of  routinized  "passive-active” 
responding  include  switching  TV  cdunnels  via  renote  devices  as  wdl  as  automated  processes  gneh  as  riding 
bicycles.  While  some  cognitive  activity  is  involved  in  each  of  these  exanqiles,  both  the  physical  reqxmses  and 
associated  cognidcm  are  largdy  automatic  in  nature  and  require  minimal  investment  of  mental  effort.  For 
physical  reqionses  to  be  integral  to  the  success  of  the  inteaetkm,  they  must  cause  individuals  to  alter  their 
processing  activities  and  effort  in  meaningful  ways. 
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I^ysical  leqxHises  can  be  dtiier  purposeful  or  nraipurposeful.  Purposeful  resptmses  reflect  iMmar 
ded«CHi8  to  ctuudously  examine  associated  ccmsequeoces  (cf  Hannafin,  Hannafin,  &  Dalton,  in  press).  A 
typed  response  to  an  embedded  question,  for  example,  gennelly  indicates  awareness  and  intentionality  by  the 
learnm-.  It  is  the  product  of  active  processing  and  construction  of  a  particular  reqwnse.  Noiqiurposeful 
reqxmses  rquesoit  little  or  no  active  processing  by  the  learner,  hi  some  cases,  they  are  largely  unconscious, 
"mindless*  reqxinses,  such  as  thoughtlesdy  scanning  a  magazine  or  turning  pages  with  little  or  no  active 
mediation. 

The  relationship  betweai  the  physical  response  and  m»ital  effort  is  bidirectimul.  Mental  effort  may 
be  the  impetus  for,  the  product  of,  or  both  the  impetus  for  and  product  of  physical  responses.  Upon  observing 
that  a  simulated  airplane  will  cra^  if  its  attitude  is  not  corrected,  for  instance,  leanurs  attempt  to  adjust  the 
flight  plane  of  the  aircraft.  Mental  effort  provided  the  inqietus  for  a  purposeful  physical  reqxmse.  In  contrast, 
Tespcmaes  themselves,  whether  intentional  or  unintenticMial,  may  siqiply  the  inqietus  for  subsequoit  processing 
activities.  An  individual  might  absentmindedly  and  inadvertently  break  a  flask  of  highly  corrosive  acid, 
requiring  the  rapid  development  and  implemoitation  of  a  plan  to  control  the  potential  damage.  The  physical 
response,  in  this  example  unintmtional,  triggered  associated  cognitive  activities. 

As  noted  previously,  physical  responses  do  not  always  support  learning  and  may  on  occasion  hanqier 
learning  (Baggett,  1988).  From  multiple  resource  and  mental  effort  p»q)ectives,  physical  responses  hampar 
learning  when  they  conq)ete  for  resources  required  to  successfully  process  knowledge  (Goph^,  Weil,  &  Siegel, 
1989;  Wickens,  1992).  Inqxirtant  data  may  go  undetected  due  to  response  requirements  that  att^nrinn 

(e.g.,  respcmses  focusing  on  uninqmrtant  information  or  concq>t8;  intmnqitimis  in  continuity)  or  significantly 
mismatch  lesson  versus  actual  p^ormance  requiremmts  (e.g.,  complex  typing  requirmnoits  for  simple 
respcmse  needs;  sinq>le  touchscieoi  responses  iqipioximating  the  tactile  resistance  of  turning  an  automobile). 
Cognitive  resources  may  become  overtaxed  by  disproportionately  high  processing  requirements  aaannigt^  with 
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the  physical  reqjonse  itself  (e.g.,  coii9>lex,  iKmesseotial  procedures  f<»  teqmnding).  Onv^^y,  physical 
reqKmses  prove  beoeficial  wheo  they  assist  in  directing  attention,  provide  conq>lanentary  gritniilnriftn  ©r 
informatkm  to  the  individual,  sc^lement  existing  lessixi  resources  with  unavailable  informaticm,  mete'  the  flow 
of  informatum,  illustrate  and  clarify  sequential  cmic^its,  and  approximate  the  sensory  aqiects  of  a  task. 
Finally,  while  jdiysical  reiqxMises  may  initially  intefiMe  with  learning,  they  often  inc-iesse  in  effectiveness 
through  usage.  As  the  physical  realise  becomes  automatized,  competition  for  resources  is  reduced  thereby 
freeing  the  individual  to  process  information  more  effectively.  The  procedural  requirements  for  conqilex 
compute  simulations  may  require  effort  udiich  initially  limits  the  cognitive  resources  available  for 
lesson  content.  As  individuals  become  familiar,  however,  the  resource  requirraoents  udiile  the 

productive  value  of  the  jdiysical  reqxmse  increases. 

Design  Foetom  Quality,  Quahty  of  inteaction  refers  to  the  ricdmess  aiul  appropriateness  with  aUdi 
resources  are  invested,  and  the  role  of  both  cogmtive  and  physical  responses  in  promoting  relevant  processing. 
It  emphasizes  the  ability  to  invoke  those  cognitive  processes  most  beneficial  to  the  individual.  As  a  rule, 
increased  interactirm  quality  improves  learning. 

Low-quality  inteacticmB  promote  cognitive  activity  that  is  insufficient,  ineffective,  inefficioit, 
iruppropriate,  or  counterproductive  to  learning.  The  interacticHi  fails  to  engage  the  learner  cognitively  in 
^>propriate  processes.  Often  the  interacticMi  causes  the  individual  to  ■ttmiH  to  uninqwrtant  or  irrelevant 
infomuUicm.  Perhaps  the  inteaction  activities  are  not  well  suited  to  the  types  of  processing  desired,  f^nging 
the  individual  to  misallocate  cognitive  resources.  In  eitho’ case,  the  interacticMi  strategy  failed  to  stimulate  high- 
quality  processing. 

Quality  can  be  furth^  differentiated  according  to  difteentperq)ectives:  designer  voaus  learner.  Value 
may  be  assigned  by  the  designer  based  upon  external  factors  such  as  the  {nesence  of  multiple,  conqtlimraitary 
coding  mechanisms  or  the  integration  of  apparoitly  related  ramcqits.  Altenatively,  quality  is  interpreted  by 
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the  individual  based  upim  intenud  fiu:tora  such  as  the  perceived  relevance  of  the  interanrir^n.  To  the  extmt  that 
the  crit«ia  of  both  intenud  and  eternal  sources  are  addressed,  interaction  strategies  should  be  of  high  quality. 

Quality  is  the  primary  facto  affecting  the  value  of  physical  interactions.  Two  qualitative  variables 
influence  the  processing  of  knowledge  resulting  from  a  |diysical  reqxmse:  the  conqilexity  of  the  respcmse  and 
the  specificity  of  the  resulting  infcuination.  As  noted  {ueviously,  cmiqilex  nunprmnfis  initially  require  significant 
cognitive  resources  in  order  to  "understand''  and  meet  die  response  requirements.  ronai<Wsbfe  mental,  and 
occasionally  {diysical,  effort  must  be  expended  in  order  to  automate  basic  physical  and  cognitive  re^xinses. 
In  some  cases,  adaptive  methods  are  designed  to  adjust  the  conceptual  difficulty  of  a  task  while  linlHing  the 
basic  response  requirements  more  or  less  fixed.  In  other  cases,  conqilex  tasks  are  parsed  into  smaller  units, 
such  as  just-in-time  training  and  part-task  training,  and  {uogressivdy  "assemUed*  into  more  complete  imiia  of 
performance.  This  allows  learning  by  metering  cognitive  resmuces  and  mental  effort  into  manageable  f^lwnlrc 
that  are  progressively  combined  to  enable  more  conqilex  performances. 

Design  Factors:  Quantify.  Quantitative  factors  refer  to  how  much  physical  (e.g. ,  frequency,  demands, 
timing,  and  density  of  responses)  and  cognitive  (e.g.,  number  of  elaborations,  covert  repetitions,  amount  of 
processing)  reqwnding  is  fostoed  during  interaction.  Quantitative  views  enqihasize  fiwtors  such  as  frequoicy, 
motor  requirements,  and  temporal  requirements  and  their  correqionding  influence  on  moital  effort  and  cognitive 
processing.  GeneiaUy,  as  the  quantity  of  task-rppropriate  intoactions  increases,  the  number  of  opportunities 
for  producing  physical  responses,  investing  mental  effort,  and  utilizing  processing  resources  increases, 

As  noted  previously,  quantitative  views  have  dominated  traditional  notimis  of  interaction.  It  is 
ccmceivable  that  increases  in  the  quantity  of  rerponses  will  elevate  mental  effort  and  alto  the  investm^t  of 
cognitive  resources,  but  the  nature  of  the  processing  activities  may  ito  support  learning.  D^iending  on  the 
quality  of  the  interaction,  iiusteiy  of  instructitmal  objectives  rruy  or  may  not  be  If  the  quality  of 

the  interacticm  was  good  (encouraged  appropriate  inv^itment  of  mental  effort  and  cognitive  resources),  lenming 
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should  increase  as  the  quantity  of  interaction  increases.  If  the  quality  of  the  intnacticm  was  poOT,  however, 
learning  should  not  increase  but  will  often  decrease  as  quantity  increases.  Responses  may  be  with 

the  kaming  task,  the  jdiysical  or  cognitive  demands  may  overtax  the  individual’s  processing  capacity,  the 
reqxMues  may  concrete  for  the  same  resources,  or  the  activities  may  promote  the  use  of  nmltiple,  non¬ 
complementary,  processing  resources.  The  eff<Mt  may  be  misdirected,  and  the  resources  poorly  allocated. 

Ccmfflder  quantity  from  multiple  resource  and  mental  rffort  perqrectives.  If  die  intCTactkm  invokes 
identical  mental  processes,  then  increases  in  quantity  provide  additicmal  directed  processing  related  to  the 
Quantity  serves  to  inqrrove  the  automaticity  of  the  learned  skill.  To  the  extent  that  lesson  information  has  not 
be^  conqrletdy  processed,  resources  would  continue  to  be  effectivdy  nlW-atpd  to  the  task.  Howev^,  as 
leanrns  iqrproach  mastery,  less  "new”  informati<m  exicte  to  be  processed  via  intaractimis.  If,  Hnring 
interactions,  learners  continue  to  invest  effort  and  invdce  resources  as  initially  dot»,  effort  and  resources  would 
be  ineffectively  utilized.  Fewer  resources  would  be  available  for  deepening  understanding,  and  the  intersction 
would  be  inefficimt.  Benefits  would  continue  to  diminish  until  either  new  informaticHi  was  presented  or  imHl 
m^tal  effort  and  cognitive  resources  were  focused  on  different  tasks. 

If  the  interaction  invokes  cognitive  processes  that  are  nonrqredtive  but  conylementary  (i.e.,  diffi^^t 
mental  processes  are  errqiloyed  for  various  aspects  of  the  task),  thoi  interactimi  quantity  functions  to  develop 
rich  knowledge  structures.  Effort  is  sustained  by  the  diversity  of  the  activity,  and  resource-based  processing 
mechanisms  can  be  utilized  accordingly.  Lesson  crmtert  and  concerts  are  processed  in  conqrlmnentary  ways 
to  provide  multiple  p^spectives. 

If,  howevn',  interaction  fails  to  provide  sufficient  opportunity  for  processing  guidance  or  exceeds  the 
individual’s  avaUable  processing  resources,  thor  learning  will  be  inqNured.  Mental  effort  may  be  sufficient, 
but  data,  resource,  or  both  data  and  resource  limitations,  minimize  tlm  effectivoiess  of  the  internp-tinn  Whan 
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provided  with  too  little  interactioa,  individuals  often  fail  to  masHet  w  antomnte  knowledge  and  skills.  The 
production  value  of  dw  resulting  knowledge  is  inherently 

Clearly,  the  issue  of  "how  much*  is  integral  to  intmactioo  strategy  design.  Howevm,  quantity  per  se 
provides  a  limited  and  often  misleading  penpective.  Sinq>ly  increasing  the  frequency  or  jdiysical  HamanHi;  of 
a  reqxmse  does  little  to  promote  learning.  In^ead,  the  role  of  quantity  is  jointly  nv^iaW  by  both  cognitive 
and  jdiysical  response  consideraticms,  and  by  dm  qualitative  value  of  the  raqionse  itself. 

Conclusions 

This  piq)m'  provides  a  brief  summary  and  inq>licati(His  of  several  penpectives  on  the  design  of 
intoacticm  strategies.  Clearly,  wdiile  operational  and  functitmal  perq>ective8  are  useful  by  thmnsdves,  is 
somewdiat  incomplete  both  in  terms  of  empirical  rooting  and  capacity  to  guide  interap.tion  Hagign  The 
integrated  perspective  provides  a  more  inclusive  and  connected  method  for  examining  the  psydiological  aspects 
of  interactirm  design  while  reflecting  the  more  pragmatic  aspects  of  both  the  opmational  and  functional 
qiecifications  of  the  system.  Conprdieosive  tpproaches,  such  as  the  integrated  perq)ective,  should  aid 
designers  in  designing  richer  and  more  enpirically  stpportable  interaction  strategies. 
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